Eclipse time variations have been detected in a number of post common envelope binary systems consisting of a subdwarf B star or white dwarf primary star and cool M type or brown dwarf secondary. In this paper we consider circumbinary hypotheses of two sdB systems, HS 0705+6700 (also known as V470 Cam) and NSVS 14256825 and one white dwarf system, NN Ser. In addition, and for comparison purposes, we investigate the eclipse time variations of the W UMa system NSVS 01286630 with its stellar circumbinary companion. All four systems have claims of circumbinary objects with computed physical and orbital parameters. We report 108 new observations of minima for these four eclipsing systems observed between 2017 May and 2019 September and combining these with all published data, we investigate how well the published circumbinary object hypotheses fit with our new data. Our new data has shown departure from early predictions for three of the four systems, but it is premature to conclude that these results rule out the presence of circumbinary objects. There is also the possibility (but with no observational proof so far) of detecting close-in transiting circumbinary objects around these systems but these are likely to have periods of days rather than years.
Introduction
From observations of eclipse time variations (ETVs) many claims have been made for the detection of circumbinary objects orbiting subdwarf B (sdB) binary systems, members of the HW Vir family, and binary systems where the primary has evolved into a white dwarf. Typically, these systems have a very hot primary component with temperatures in excess of 30,000K and a secondary M dwarf or brown dwarf companion with temperatures of 3,500K or less. The separation between the two components is usually less than one solar radius causing the secondary to be heavily irradiated by the primary star giving rise to significant amounts of reflected energy from the secondary.
The structure of a HW Vir-type system, their compact structure, short periods and large temperature differences between their two components give rise to short and well-defined primary eclipses, allowing times of minima to be determined with high precision. These systems have undergone a post-commonenvelope binary (PCEB) evolution, as described in Appendix 1, with many of these systems showing apparent periodic variations in their eclipse timings. An overview of these systems is provided by Zorotovic and Schreiber (2013) and Lohr et al. (2014) .[1] [2] In this paper we consider three PCEB systems: HS0705+6700, NSVS 14256825, and NN Ser and one evolving to a W UMa-type of system: NSVS 01286630. Claims have been made for the presence of circumbinary objects, with calculated parameters, orbiting all four systems. Of all the putative objects discovered through ETVs, those around NN Ser were thought to be amongst the most compelling because of the high quality of the data and because its main sequence companion is a late M star which restricts the possibility of other causes for period changes, for example magnetic coupling. With our new observations we investigated the periodic variation in the position of the barycentre of these four systems to see if they fit with previous predictions of circumbinary orbits. While NN Ser and NSVS14256825 systems' planets are listed in various international databases, e.g. NASA Exoplanet Archive, neither of the other two systems have this level of recognition, calling into question their proposed circumbinary hypotheses.
While the more exciting explanation of attributing these period variations to the presence of planets or brown dwarfs orbiting these systems has been a popular consideration, other factors could also explain their cyclical behaviour (see Section 2, last paragraph). Other claims of circumbinary objects are of close eclipsing binary systems of the W UMa-type or binary systems evolving to a W UMa once their Roche lobes are filled, such as NSVS 01286630, the fourth system described herein.
We discuss the possibility that these other factors could explain the cyclical behaviour attributed in the literature to circumbinary objects for these four systems. We note that two of the systems (HS0705+6700 and NSVS 14256825) have been included in our recent study of seven short period eclipsing binary systems, Pulley et al. (2018) . [3] As will be seen, our recent observations, which cover two additional seasons, support the conclusion of further deviations from previous predictions.
In this paper we present the ETVs exhibited by four eclipsing binary systems with somewhat different stages of binary evolution and we analyse the results in the context of circumbinary planet hypothesis. The analysis is preceded by a brief historical review of the hypotheses presented by earlier observers. The four systems studied are listed with their parameters in Tables 1 and 2 
Observing Method and Data Reduction
In Table 3 we list the telescopes used to make the new observations and in Table 4 (see Appendix 2 for  Tables 3 and 4) we report 108 new observations between 2017 May and 2019 September of the four eclipsing binary systems. The effects of atmospheric extinctions were minimised by making all observations at altitudes greater than 40 degrees. All images were calibrated using dark, flat, and bias frames then analysed with Maxim DL or Astroart. [4] [5] The source flux was determined with aperture photometry using a constant aperture for all images, and the radius scaled according to the full width at half maximum (FWHM). Variations in observing conditions were accounted for by determining the flux relative to an ensemble of comparison stars in the field of view. The apparent magnitude of the target was derived from the apparent magnitudes of the comparison stars and the average magnitude of the target calculated by the software. This was done as follows: The same comparison stars were used for each image. Using the average derived magnitude of the target star from each comparison star and the standard deviation of the average, the final value for the target was obtained for each frame. The magnitudes of the comparison stars were chosen appropriate to the filter being used. 
New observations and ephemeris
We provide 40 new times of minima taken from observations made between 2017 October and 2019 September. As shown by Qian et al. (2013) , the quadratic ephemeris provides a better fit to the data than the corresponding linear ephemeris through to 2015 March. [17] Utilising the quadratic ephemeris of Pulley et al. (2018) , [3] Eq. 1 below, the plot of (O-C) residuals is shown in Fig.1 , where the red line represents the predicted (O -C) residuals incorporating the circumbinary companion. T min ;BJD = 2451822.76155(5) + 0.095646609(4) *E+ 5.5(9)* 10
 is the cyclical light travel time effect of a putative circumbinary object given by:
( 2) and ( 
The (O -C) residuals, based on Eq.3, are shown in Fig. 2 where there is seen to be a quadratic trend. A comparison of the linear and quadratic fits for this latter data shows that the reduced χ 2 quadratic fit at 1.62 is lower than the reduced χ 2 linear fit of 2.75. The quadratic ephemeris for this recent data yields a quadratic coefficient at 3.98 x 10 -12 days, nearly order of magnitude larger that the quadratic term of the pre-2015 data which may reflect the possible continuing presence of a third body. However, application of the Mann-Whitney U test shows no strong preference for either of these two models at the p(0.05) level.
NSVS 14256825 (V1828 Aql)

Background
Since its discovery there have been many predictions for circumbinary objects orbiting NSVS 14256825. [19] These five data points had significantly larger uncertainties, of the order of 50s, but enabled the timeline to be extended back almost 8 years to 1999. They also noted that post 2009 the binary period increased significantly suggesting the presence of a poorly constrained circumbinary object of mass ~12M J and period of some 20yrs. 
New observations
We report a further 30 times of minima observed between 2017 September and 2019 September and, excluding ASAS and NSVS data points, we compute a new ephemeris, Eq.4:
T min BJD = 2454274.20921(4) + 0.110374105(2) * E + 
where  is the LTT contribution from the third body. We compute the LTT parameters, , from Eq. 2. For the purposes of this paper we have followed the Nasiroglu and Zhu approach and omitted the five sky survey data points, computing the parameters for a single circumbinary model. Parameters for this model are listed in Table 5 alongside earlier published models. The plot of (O -C) residuals for our new model are shown in Fig. 3 where the early ASAS and NSVS datasets, together with their uncertainties, have been shown for completeness. 
NN Ser
Background
NN Ser is a 16.5 magnitude short period, ~3.1 hr, binary system with a white dwarf primary and M dwarf secondary sharing many evolution similarities to that of the sdB binary NSVS 14256825. It is the only WD short period binary to show strong evidence to support the presence of circumbinary objects. NN Ser was first investigated in 1989 by Haefner who identified it as a pre-cataclysmic binary with a deep primary eclipse (>4.0 mag) with strong reflection effects from the close by M dwarf secondary. [29] System parameters were first determined by Woods & Marsh (1991) [12] They added a further 10 times of minima and confirmed that their new data fitted a two planet model but noting that to get the best fit they had to add an additional quadratic term to the ephemeris. This new term causes the period to increase with the most probable explanation being a distant third body. Hardy et al. (2016) obtained more observations from Atacama Large Millimetre Array (ALMA) detecting thermal emissions from a dust disc of mass 0.8 M earth and postulated its origin to be from common envelope material not expelled from the system. [38] They argued that, whilst not confirming the existence of planets, this added to the possibility of formation of the so-called ''second generation'' planets.
New observations and ephemeris
We report 16 new times of minima of NN Ser observed between 2017 May and 2019 August. The light curve for NN Ser's primary eclipse, Fig. 4 , shows the compact nature of the WD primary which gives rise to a deep primary minimum with steep ingress and egress. Our times of minima have been calculated by fitting straight lines to the ingress and the egress portions of the light curve and determining the mid-point between these two lines. Uncertainties of less than 3s were achieved with 2-meter aperture telescopes. For smaller apertures uncertainties were substantially higher, see Table 4 .
With our new data, together with all known published data, and using Beuermann et al. (2013) ephemeris: [35] T min BJD = 2447344.524368(7) + 0.13008014203(3) * E +  (5)
where  is the circumbinary LTT parameters, the resulting (O -C) residuals are shown in Fig. 5 . We first noted a departure from the two circumbinary planet model in mid-2017 ( 80,000). With our recent data we can confirm that the original Beuermann, Marsh and Bours predicted two planet circumbinary model needs to be reviewed as more data is collected. considered the possibility of a magnetic Applegate type mechanism driving the LTT effect but discarded this in favour of a circumbinary object.
NSVS
New observations and ephemeris
To investigate whether the circumbinary model of Wolf and Zhang continues to hold beyond 2015 November, we present 22 new times of primary minima observed between 2018 July and 2019 September. We have adopted the ephemeris of where the light travel time effect, , is given by Eq. 2 and (a 12 sini)/c is the light travel time amplitude of 83.8s, the tertiary component orbit eccentricity, e, of 0.08. Application of this ephemeris with our new data is shown in Fig. 6 strongly suggesting that the circumbinary models of both Wolf and Zhang may need modifying over this extended timeline. More data over the coming months is required to clarify this potential anomaly.
Discussion
Historically, the approach adopted to determine the presence of circumbinary objects around sdB eclipsing binaries has been to first identify a cyclical behaviour within the eclipse timing measurements and then to note all possible causes. The improbable causes are then eliminated and whatever remains is assumed to provide the most likely explanation of the observed cyclical behaviour. In the case of sdB PCEB systems the remaining cause has invariably been attributed to a circumbinary companion. Whilst this reasoning is sound, it does contain a number of underlying assumptions including (i) having a knowledge of all possible causes of cyclical ETVs (ii) having a complete understanding of the mechanisms behind these causes and (iii) the cyclical behaviour is stable over at least several periods of each circumbinary object.
However, the complexity of these systems may undermine some of these assumptions. Whilst these systems are described simplistically as detached, i.e. there is no mass transfer between them, the reality, as modelling has shown, may be far more complex. The "surfaces" of the binary pair are separated by typically less than a solar radius and with the effective temperature of the secondary companion being of the order of 3000K, it is heavily irradiated by the primary which is significantly hotter at circa 30000K. Whilst there is no mass transfer, their energy interaction is likely to be complex and a modified Applegate type mechanism may be significant. It is frequently noted from light curve solutions of these systems that an improved fit can be found when the bolometric albedo of the secondary is set to a nonphysical value of greater than unity, see for example Drechsel et al. (2001) . [13] There too remains the open question of how circumbinary planets form around these systems and whether they are first-or second-generation objects, i.e. were they formed before or after the common envelope ejection, or possibly a combination of both, see for example Schleicher & Dreizler (2014) . [43] We note in three of the four systems we have investigated (HS0705+6700, NN Ser and NSVS 01286630) there is a significant visual departure from the historic (O -C), possibly indicating a change within the binary system. These departures indicate a small increment of a few tens of milliseconds in the PCEB period and could mask the presence of circumbinary objects. This is particularly so for HS0705+6700 where we have gathered four years of data since the observed change reflecting a binary period increase of some 11ms. Whilst seemingly small it is significant in comparison with the 8300s period of the binary system. If a similar magnitude change were to occur between the Earth and Sun, we would see the Earth year increase by 40s over a period of a few months.
If there was a circumbinary object present prior to this binary period increase, and there are 1.7 cycles of data to suggest this, the question remains as to whether this object is still present. Our analysis of the last four years of data suggests that, so far, there is no strong indication for the presence of a cyclical signal attributable to a circumbinary object.
NN Ser shows a similar trend to HS0705+6700 with a small period increase noted from mid-2017. Unlike its sdB counterpart, this system does not, as yet, give any strong indication of a cyclical or quadratic component within the new data. However, with it's out of eclipse magnitude of 16.5, NN Ser does require the use of large optics to acquire high precision data.
NSVS 01286630, a W UMa type object which has not progressed to the PCE stage, has been included to provide a contrast with the other three short period PCEB systems reported here. Whilst this object has shown a binary period decrease of 110ms, there is again no clear indication of a circumbinary or quadratic component in the new data. However, with little more than one year of new data, a longer timeline is necessary.
In contrast to the above three systems, the sdB NSVS 14256825 does show a cyclical 8.9-year period with data spanning the past twelve years. However, as new data has been acquired, each previous proposed circumbinary model has failed. The validity of our new model will only be confirmed when observations over the coming five or six years provide two full cycles of consistent data. We note that all recent analyses of this system have ignored the early phase folded light curve data of Beuermann et al. [19] 
Conclusions
Whilst it is well known that observations of eclipse time variations can be used to detect circumbinary objects, the considerations outlined in Section 4 can make it difficult to interpret ETVs particularly if timelines are short, as they frequently are, in comparison with the longest circumbinary period. For acceptable confidence levels, minimum observational timelines of twice the longest circumbinary period are suggested. These difficulties are reflected in the NASA Exoplanet Archive where there are only 11 exoplanets listed using the ETV methodology out of a total of some 4000 listed exoplanets. There are also instances where claims have been refuted and planets removed, e.g. HW Vir.
Whilst our new data and analysis conflicts with earlier interpretations, and in most cases does not necessarily confirm the presence of stable circumbinary objects around these systems, it may also indicate that post common envelope binary systems are going through complex transitory phases. Our new data has shown departure from early predictions for three of the four systems, but it is premature to conclude that these results rule out the presence of circumbinary objects. Finally, we reiterate additional observations over a longer timeline are required to increase confidence in the many circumbinary claims of post common envelope binary systems that have been made over the past decade. Indeed, this increased timeline may show further complex changes in these ETVs.
Appendix 1 ~ Evolutionary Scenarios for Post Common Envelope Binary Systems
Various evolutionary scenarios have been proposed for PCEB systems, but a definitive mechanism remains to be found. Favoured models suggest that when the more massive primary evolves to the red giant phase it fills its Roche lobe and matter is transferred from the primary star to its smaller main sequence companion at a rate that cannot be accommodated by the smaller star. This unstable mass transfer from the primary forms a common envelope that surrounds the helium burning core of the red giant primary and its smaller companion. As a consequence angular momentum is transferred from the binary system to the surrounding envelope bringing the binary pair closer together and resulting in a short binary period of typically between 2 and 3 hours. Eventually the common envelope acquires sufficient angular momentum for it to be mostly ejected from the system, so creating a planetary nebula surrounding a detached binary system.
As the common envelope phase is of short duration the mass of the smaller companion remains substantially constant since it was unable to accommodate the mass transfer. The remaining mass of what is left of the red giant, the primary, is about equal to the mass of the core of the giant at the onset of mass transfer. The helium rich primary forms an sdB star, as is the case of HS0705+6700 and NSVS 14256825, and well on their way to becoming a white dwarf, for example NN Ser. Eventually, the loss in angular momentum will bring the binary pair into close proximity, and so becoming a classic cataclysmic variable.
NSVS 01286630 is somewhat different being a system that has not yet filled its Roche lobes, but in time the more massive star will become a red giant and follow a similar path to other sdBs as described above.
Planet formation around PCEB systems remains an unanswered question and two scenarios are postulated. The first generation hypothesis suggests planets are formed before the expulsion of the common envelope, so surviving this cataclysmic event, see for example Hardy et al. The second-generation hypothesis suggests planet formation occurs after the expulsion of the common envelope and from the remaining protoplanetary disc. This hypothesis is strongly supported from simulations by Zorotovic & Schreiber (2013) and Schleicher & Dreizler (2014 
